suMMARY To determine the effect of myocardial shortening velocity on the duration of electrical and mechanical systole, five healthy men, ages 32 to 41, were studied. Carotid massage and atropine were used to define the effects of changes in heart rate without changes in shortening rate. The effects of amyl nitrite, which produced approximately the same degree of tachycardia as atropine but a significantly higher maximum shortening rate, were compared with those of atropine to assess the effects of faster shortening velocities. The increased heart rate produced by both agents caused a substantial decrease in both the QT and the S,S2 intervals, but the QT interval was longer and the S1S2 interval shorter with the amyl nitrite. Thus, the S2T interval was substantially longer after amyl nitrite. The results are in keeping with the finding in isolated cardiac muscle that active shortening increases action potential duration and decreases the duration of mechanical activation. These observations raise the possibility that longer QT intervals and shorter S1S2 intervals would also be seen in patients with hypokinetic ventricular segments when the healthy muscle contracts more vigorously to compensate for the weaker segments.
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Active shortening of isolated cardiac muscle increases the action potential duration,' and decreases the duration of mechanical activity.2 3 These observations suggest that the electrocardiographically recorded T waves in man might occur later and second heart sounds (SO) earlier, when ventricular ejection rate increases. If this is so, the interval between the two might be used as an index of myocardial fibre shortening rate. This hypothesis was tested in five healthy volunteers using carotid massage and atropine to define the changes that occur in the time intervals with variation in heart rate but without large changes in fibre shortening. Amyl 
MEASUREMENTS
Lines were drawn through the zero baseline of the differentiated electrocardiograph trace and through the terminal portion of the T wave on this trace as it approached the baseline (Fig. 1) . The end of the T wave was taken as the intersection of these two lines. The timing of the heart sound was taken as the first high frequency component in the phonocardiogram. A vertical line through the timing marks on the record ( Fig. 1 
Results
The resting pulse rates ranged from 49 to 75 (mean 61). Carotid massage decreased the rates by an average of 15 per cent. Amyl nitrite increased the pulse rates by an average of 54 per cent, and atropine by 47 per cent, the difference being insignificant. The end-diastolic diameter was only slightly less with the amyl nitrite than with atropine (2 3%), but the end-systolic diameter was significantly decreased (12.5%, p <0-05). The slope of the posterior wall motion was not significantly changed by carotid massage or atropine unless the heart rate increased to about 90/min, as has been found with mean circumferential fibre shortening using atrial pacing to vary heart rate.' Posterior wall motion was increased significantly (p < 0 01) by amyl nitrite (Fig. 2A) . The large difference in posterior wall motion, compared with approximately the same change in heart rate, allowed the effects of fibre shortening to be distinguished from those of heart rate.
The QT and SIS2 intervals both varied inversely with heart rate ( Fig. 2B and C) . Close inspection of the data in Fig. 2B and C shows, however, that for each individual, the QT interval was longer for the tachycardia produced by amyl nitrite than that produced by atropine, and that the reverse is true for the S1S2 interval.* The shorter SIS2 interval and the longer QT interval with amyl nitrite as * Three different methods of analysis showed the differences to be significant: (1) the two-tailed, paired t test gave p < 0-005 for the QT and p < 0 03 for the S,S, intervals; (2) the probability of obtaining the intervals for all five subjects deviating in the expected direction is 1/26 = 1/32, yielding p < 0-032 for both the QT and SlS2 intervals; (3) (Fig. 3A) . Though the relation betw shortening and S2T interval is prol strictly linear, an estimate of the c between the two variables was obtaine4 linear regression. For the data in Fig  correlation coefficient was 0-67, and it was to 0-88 when the intervals were divide control values (Fig. 3B) to normalise the among the individuals. The S2T interva correlate well with changes in heart rate.
The QS, interval was not significantl by any of the interventions (Fig. 2D) , that the changes in the S2T intervals we the result of the changes in the QT intervals. ,ubstantial tyl nitrite. Discussion h changes The findings that rapid myocardial shortening is icated by associated with a longer QT interval and a shorter all motion duration of mechanical systole are in keeping with reen fibre studies in isolated muscle; but several other factors )ably not that might have contributed to these results should -orrelation be considered. It is possible, for example, that the d using a changes were the result of adrenergic stimulation 3A, the during amyl nitrite. Catecholamines do shorten increased mechanical activation in isolated muscle,5 and -d by the might, therefore, be expected to decrease the S1S2 variation interval; however, these agents do not lengthen al did not the duration of the ventricular action potential, 6 making it unlikely that the increased S2T interval y affected after amyl nitrite was the result entirely of adrenergic indicating influences. 
